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WALTER W. MOSHER, JR., hereby declares as follows: 

1 . I am one of the joint inventors of the subject matter of the above- 
identified U.S. Patent Application Serial No. 10/712,935, filed November 12, 
2003. 

2. I am President of Precision Dynamics Corporation (hereinafter 
referred to as PreDyn). PreDyn is the assignee of the above-identified 
application. My co-inventor joined PreDyn in 2002. 

3. I have worked in the field of identification devices for more than 20 
years and RFID technology for over 10 years. For example, I am one of the 
joint inventors of Charles, et al., U.S. Patent No. 4,318,234 (issued March 9, 
1982, filed January 10, 1977), which relates to an identification device with 
versatile imprinting means. I am aisp the sole inventor of Mosher, Jr., U.S. 



Patent No. 5.937.600 (issued October 26. 1999. filed September 9. 1998). 
which relates to a laminated radio frequency identification device. I am also a 
joint or sole inventor of the numerous other U.S. Patents relating to RFID 
identification devices. 

4. As co-founder and head of RFID development for PreDyn, I 
conceived of the subject matter of the present application prior to November 
13. 2001 , the date the De La Huerga application, U.S. Publication No. 
US2002/0084904 was filed with the United States Patent and Trademark 
Office. In this effort, several employees, consultants and intellectual property 
legal counsel worked under my guidance in developing my conceptual 
innovations, in an ongoing and continuing development program, produced 
several reports, proof-of-concept demonstrations and practical prototypes of 
proposed RFID-utilizing products and systems. In the present case, we 
diligently worked at reducing the subject matter of the present application to 
practice, crystallized by my co-inventor and myself, up to and beyond our 
filing date of November 12. 2003, 

5. My review of correspondence, purchase receipts, drawings, and 
other materials documenting our conception and reduction to practice of the 
identification band with adhesively attached coupling elements invention 
indicates, and documents confirm, that this conception occurred well prior to 
the filing date of the De La Huerga application. See Exhibits A, B, C, D and 
E. attached hereto. 
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6. As shown in Exhibit A, we conceived of the identification band with 
adhesively attached coupling elements set forth in the specification and 
claims of application, Serial No. 10/712,935, at least as early as early 1996. 
As shown in summary on page 2 of Exhibit A, an area for discussion was 
fastening methods and apparatus for wristbands. On page 7 of Exhibit A. we 
discuss two variations on the closure of a wristband activating an RFID tag. 
Under Group II, we discuss including an RFID tag and variations on inductive 
and capacitive coupling in the closure device. Further, under Group III, we 
specifically discuss how the closure of the wristband can activate RFID 
operation. We also discuss modifying existing patents where an adhesive or 
mechanical closure is augmented with conductive components to enable or 
activate an RFID tag when closed and disable operation if opened. (Exhibit 
A, pages 2 and 7). We spent the subsequent time period designing devices 
and manufacturing specifications, and continued development of the concept 
through November 2003 when the present application was filed. 

7. As shown in Exhibit B, in May 1997, we worked on reducing to 
practice the inventive concept first conceived in November 1996. On page 2 
of Exhibit B, we summarize designs including RFID tags in closure 
mechanisms for various products. On pages 6 and 7 of Exhibit B, we go into 
greater detail regarding designs involving the Soft Guard, the Clincher, the 
"touch memory" carrier, and the "pocket" wristband model - discussing 
physical configurations for the tags and closure mechanisms. 
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8. As shown in Exhibit C, a report entitled "Product Capability 
Demonstration: Precision dynamics RFID Wristband Systems," in October 
1997 we worked on developing a number of proof-of-concept demonstrations. 
Notable to the instant application, on pages 3 & 4 of Exhibit C we cite the 
"Security" concerns that were earlier (and later) embodied in discussions of 
RFID-closure methods; further, on page 5 of Exhibit C, we specifically note 
the use of an RFID inlet in the "Softguard clasp" and the "Clincher fastener." 
"Clincher," it should be noted, is the company's trademarked brand name for 
security-directed bands and related products whose target goal is tamper- 
evident and/or tamper-proof subject identification, a key embodiment of the 
instant application. 

9. As shown in Exhibit D, in August 1998, we continued working on the 
inventive concept. We discussed how reactively coupled circuit elements 
between different laminae can be used to achieve the inventive purpose. 
(Exhibit D, page 2). This is shown again on page 4 of Exhibit D where we 
discuss the activation of a tag by attaching or removing conductive tape. We 
also discussed power control circuitry in the tag to activate different system 
elements as needed. (Exhibit D, page 4). 

10. As shown in Exhibit E, in August 1999, work on the inventive 
concept continued as we began working on a disclosure related to the 
inventive concept, tentatively titled CIRCUIT MAKING CLOSURE FOR 
RADIO FREQUENCY IDENTIFICATION DEVICE WRISTBAND. (Exhibit E, 
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page 2). 

1 . Further, as shown in Exhibit F, In October 1 999. our reduction to 
practice continued as we were designing electronic circuits to achieve the 
inventive concept. The circuit including a diode as shown was contemplated 
as achieving a fast switch device without designing new materials. (Exhibit F) 

' 2. It should be clear from the attached exhibits that the cited subject 
matter of De La Huerga was well-known to the inventors of the instant 
application, as we had conceived of and been developing this subject matter 
well prjior to the De La Huerga filing date. 

I further declare that: all statements made herein of my own knowledge 
are true and ail statements made on information and belief are believed to be 
true; a id these statements were made with the knowledge that willful false 
statenjents and the like so made are punishable by fine or imprisonment, or 
both. Under Section 1001 of Title 18 of the United States Code, and that such 
false statements may jeopardize the validity of the application or any patent 
resulting therefrom. 



Date: Jluly2L_. 2005 

I Walter W. Mosher. Jr. 

Attachments 

Exhibilj A - November 1 , 1996 Memo (8 pages) 
Exhibilj B - May 1997 Memo (7 pages) 
Exhibill C - October 26, 1997 Report (7 pages) 
Exhibilj D • August 12. 1998 Memo (1 3 pages) 
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SUMMARY 

This document presents wristband RFID product design concepts based on immediately 
available RFID products. 



I 

EXHIBIT B 



•Phone: (909)371-1268 
•Fax: (909) 371-7088 
E-Mail: beitecdaol.com 



1 982 Sage Avenue • Corona. CA 91 720 



Change in Project Objectives 

To facilitate immediate market entry, we are now considering suppliers of RFID tags and 
readers with immediate availability, even though system specifications are not optimally 
met. Our objective is to have a product and system to show to the marketplace by the end 
ofMay. 

Compromises for Immediate Products 

The products from our industry search which are available for immediate introduction do 
not meet the original combined objectives for cost, reading distance and form factor 
Therefore some of these objectives must be sacrificed in order to introduce a product. 

My suggestion for the best approach to the product design would be to concentrate on 
providing the most usefiil product fiinctionality. 

Historically, electronic products which provide the functionality to serve a large market 
potential eventually decrease in price to meet the economic demands of the grov^ng 
marketplace. Examples: Pocket calculator, digital wristwatch, cell phone. 

Product Concept Development 

Based on a review of PD's present wristband products, we have suggested four product 
modifications involving the addition of RFID tags to present wristband designs: 

RFID tag in closure mechanism for Soft Guard 
RFID tag in closure mechanism for Clincher 
RFID tag in modified version of "touch memory" carrier 
RFID tag inserted in "pocket" wristband model 

Along with the tags, we need readers and products to collect additional data besides the 
ID tag number, as well as systems to transmit the information to and from a central 
database, and database management software. Configurations of readers include: 

Handheld portable read-only reader with data storage (RS232 or other COM interface) to 
main computer) 

Handheld reader/writer/database storage and retrieval terminal (RS232, infra-red, or 
RF/DC interface to main computer) 
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Fixed point reader with direct communication interface to main computer. 
Wall mount 
Portal 
Floor mat 

Evaluation of Potential Technology and Product Suppliers 

We reviewed over 70 companies which are suppliers of RFID technology, for the general 
aims of the project. 

We are considering 13 companies as potential suppliers for the IMMEDIATE product 
suppliers. We have had meetings with 4 suppliers and phone conferences with over 20 
suppliers. 

Surprisingly, only one supplier - TIRIS - appears to have a compatible line of read-only, 
read-write and portable database tags of various form factors, and associated readers 
available for immediate delivery. 

Another supplier, EID/Trovan has read-only transponders with a better ratio of size-price- 
performance, but does not have a compatible line of read-write transponders. 

Another supplier, Sokymat, has a broad line of transponders with read-oiily and read- write 
capabilities, but no source (as of this date) for appropriate readers. 

SHORT TERM PRODUCT INTRODUCTION: 

Precision Dynamics wants to introduce RFID based wristband products immediately. 

It is not known what the market really wants, or what quantity of tags will actually be 
sold. 

Since the RFID company survey we sent to prospective suppliers has indicated 10 million 
quantities of tags, we cannot expect to get pricing comparable to our goals for small (and 
indeterminate) quantities 

The easiest tags to get at the present time are read-only and read-write passive tags with a 
few inches reading range, operating at 12S KHz, and possibly at 13.5 MHz. 
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TIRIS tags operate at 134.2 KHz and have a better reading range than other iow 
frequency tags, at the expense of much increased tag cost and bigger form factor. 

The tags that operate at 2.4 GHz and 900 MHz are all susceptible to de-tuning and 
"shading" by the proTomity of the human body. 

Tags at intermediate frequencies between 13.S MHz and 900 MHz do not seem to be 
readily available. 

COMPANIES IN CONSIDERATION FOR NEAR TERM SUPPLIERS 

Texas Instruments (TIRIS), Productivity Enhancement Products, Snyder 
Electronics 

Texas Instruments (TIRIS) has the most comprehensive product line that is known to be 
reliable and readily available. The TIRIS tags come in read-only, read-write and multi- 
page read-write versions, in a reasonable variety of sizes and shapes. TIRIS makes fixed 
point reader systems with the greatest operating range of reader-tag distance. 

Productivity Enhancement Products (PEP) makes high quality portable scanners for the 
TIRIS tags, including a self-contained keypad datalogger based on a Symbol Technology 
handheld unit. 

The main drawback of the TIRIS tags is their size and price. The tags are larger and 
approximately twice as expensive as alternative units. Another drawback is TI's 
inflexibility with respect to customization of products in small to medium quantities. 

For introductory product line features, however, the combination of best reading range 
and interchangeable compatible transponder functions (read-only, read-write, multipage 
read-write) would make TIRIS / PEP the easiest choice for implementation. 

PROGRESSION TO MEDIUM-TERM PRODUCTS 

TIRIS also plans to introduce a product line at 13.S MHz with much lower cost, in the 
form of flexible labels However, this will not be inherently compatible with their present 
product line. Multi-technology readers could probably be developed to read both types of 
tags, 

AEG-Trovan, Electronic Identification Systems Inc. 
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Trovan has the smallest glass capsule transponders with the best reading range in the FDX 
technology. Trovan also has hand-^held readers and readers with keypads. 

Trovan claims it is suing Sokymat for patent infringement in connection with technology 
for direct bonding the coil to the chip. The bonding of the coil to the chip is a major factor 
in determining the cost of the ID tag. There s also the question of the viability of Sokymat 
as a supply source if they lose the lawsuit and are unable to find non-infringing 
technology. 

Trovan uses a phase-shift encoding technique for its systems, which is not second-sourced 
by other companies in the industry. 

PROGRESSION TO MEDIUM TERM PRODUCTS 

Trovan has indicated an interest in cooperatively developing a read/write system. We 
should find out what their business proposal is, and also whether the read-write system 
would be compatible with the present read-only system 

Snyder Electronics 

Snyder electronics was introduced to us by the TI sales representative as a potential 
supplier of custom reader/antenna systems compatible with TIRIS products. 

Mr. Wayne Snyder came to PD and demonstrated a monitoring system for geriatric 
patients, comprised of a leg-band carrying a TIRIS 32 mm transponder, and a floor-mat 
antenna and reader system which appeared to reliably read the ID tag when a person 
traversed the floor mat. 

There are numerous possibilities for busmess arrangement with Snyder Electronics, with 
PD being either the customer (floor mat readers) or the supplier (modified 'legband" 
bracelets), and possibly manufacturing and supplying the tag modules. 

Sokymat, ID Systems Ltd. 

Sokymat presented a broad product line of veiy reasonably priced tags, however they do 
not make readers. 

Sokymat recommended ID Systems Ltd., in England as a manufacturer of readers for their 
tags. However, ID systems does not yet make readers with acceptable reading distance 
specifications at this time. They expect to have acceptable product within a few months. 
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This is disappointing since the Sokymat products were most attractive from a 
price/perfomance standpoint. 

We will have to eliminate Sokymat/ED systems from consideration for inrniediate-term 
product, and place them among the companies under consideration for medium term 
implementation. 

Motorobi/Indala 

Though Motorola/Indala appears to have a potentially viable product line for immediate 
use, they did not respond to our inquiry tetter. I have placed another call to their RFID 
guy to see if we can get their attention. 



RFID tag in closure mechanism for Soft Guard 

1. Insert a 1 1-14 mm glass tag or tag assembly into a round hole drilled into a sofrguard 
closure. 

2. Redesign closure in 2 halves with cavity, to accept larger rectangular tag module, and 
be sealed together by ultrasonic weld or cementing, for greater read distance and possible 
read-write function. 

Rectangular tag module consisting of rectangular wafer of ferrite with copper coil wound 
around it, with IC chip cemented to ferrite, with copper wire bonded to gold pads on chip. 
Possible collaboration with Trovan or Sokymat for automatic production of the 
assemblies. 

Rectangular module could also be used with other tag closure mechanisms, for instance 
Clincher or general purpose substitute for touch memoiy holder to go on most wristbands. 

RECOMMENDATION: Trovan tag and reader for short term product. 




WRISTBAND RFID PRODUCTS 




RFID tag in closure mechanism for Clincher 
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1 . Modify closure mechanism of Clincher to accept a 32 mm TERIS tag, so that the 
resulting tag can be read through portal or doormat antennas for use in security systems in 
which tag passes through portal. 

2. Design recusable RFID tag module for wristband to slip through. 

RF.COMMENDATION: TIRIS 32 mm teg, Snyder floor mat reader, TIRIS long-range 
reader, PEP keypad reader-logger, 

C/ RFID tag in modified version of 'Houch memory^ carrier 

Design modified version of touch memory carrier to contain coin shaped tag. Could also 
use ferrite block teg. 

RECOMMENDATION: Sokymat 20 mm disk tag in re-designed thin profile band 
attachment. 

RFID tag inserted in ^^poclcef ' wristband model 

A thin, flexible RFID tag inserted in a pocket model wristband, possibly heat-stamped in 
place to prevent loss. 

RECOMiVIENT>ATION: Best present products are the Sokymat tags 



DISPOSABLE VS.RE-USABLE TAGS 

At the present time, no tags are available at a "disposable** price. We need to decide what 
is the maximum price for a disposable assembly. Under SOcents? It would seem at the 
present time there is no sense in making disposables Most likely the 13 .5 MHz tags 
promised by TIRIS and others will fill this gap in a few months. 

DECISION MATRIX FOR IMMEDIATE TERM PRODUCTS 

Starting with the original specification sheet for the Phase I project, and adding the 
decision criteria in Phase 2 A, we can simply compare the offerings of the few companies 
qualified for near term solutions to the matrix. We can use weighting factors to emphasize 
functional utility over disposability and cost factors. Quotations from companies as 
appendix. 
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PRODUCT CAPABILITY DEMONSTRATION: 

PRECISION DYNAMICS RFID WRISTBAND 

SYSTEMS 

SUMMARY: A working demonstration of Precision Dynamics 
developmental RFID Avristbands, reading/writing devices and 
sample software applications. 

The Demonstration is a ^'portable** system which can be easily set 
up, displayed and tried by potential customers at trade shows, 
customer locations and at PD home office. 



Michael Beigel 

October 28, 1997 

For Precision Dynamics Corp. 



DRAFT 1: NOT FOR DISTRIBUTION 



ALL PAGES CONFIDENTIAL 
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DEMO SOFTWARE APPLICATIONS: 

Simplified examples of user application modes possible 
with the system. 

Demo Application 1: 
PRECISION WORLD THEME PARK 

A theme park where people use RFID bracelets to access rides, buy food and 
merchandise, and for other functions. An RFID wristband on each customer serves as the 
sole devke for transactions within the park, acting as a remote "smart** card. 

Upon registration/admission the customer obtains authorization to spend a certain amount 
of money on anything within the park (rides, food, merchandise). Once inside the park, the 
customer accesses rides by walking through a gate which reads the tag and debits the 
customers accoimt. When purchasing food or merchandise, the food or merchandise is 
priced at the register and the tag is scanned by a handhekl or desktop reader. 

The customer can access the information in his/her tag at kiosks which read the tag and 
display current status including entitlements used and cash remaining. The customer can 
'i:e-fQr the tag with cash similar to an ATM transaction. 

The management information system keeps track of revenues (issued to and used by 
customers), statistical anafysis of ride popularity and usage, moxhandise sales and 
inventory, food sales and inventory. 

Registration/Admission: Customer enters park and checks 
in with cash or credit card. 
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EnMement Purchase: Customer buys one or more 
wristband and chooses amount and type of entitlements. 

Entitlement Usage: Customer can enter rides by simply 
walking through gate and getting "green light" upon real-time 
verification of valid entitlement. Customer can buy food and 
merchandise by having the articles and the wristband scanned by a 
portable hand-held scanner at purchase location. 

Ust of costs for Rides, Food, Merchandise 

Restriction categories for Rides 

Security 
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Demo Application 2: 
PRECISION GENERAL HOSPITAL 

The ho^ital system toes RFW wristbands and other RFW tags to track patients Jhm 
adnussioH trough departure^ security of vi^rs and en^loyees, access control, 
treatment md maieritds, dme and attendance, etc 

Three or more tag types are used: read onty, read-wiite, multi-page read write. Some 
ti^s/wristbands are tUsposable, and some are re-usable with iBsposabte wristbands. 

In aditition, long-rat^e survattance on certain wristbatub protect h^h security 
risk individuals such as babies and Alzheimers patients. 

Registration/Admission: Patient checks in. Enter insurance 
data, personal data, medical history, reason for check-in, etc. Issue 
wristband with R/O, R/W, MP capability. 

Doctor visit: Doctor has wristband, patient has wristband. 
Enter procedure performed, medication prescribed, other data. 

Nurse visit 

Medication + Supplies 

Room Charges 

Patient Medical Database 

Billing 

Security 
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GENERAL SYSTEM SPECIFICATIONS 

WRISTBANDS: 

Trovan in Softguard clasp 

THUS (read only, read-write, mult^age) in 

So^[uard clasp 

Clincher fasteiier 

Tag Types 

Trovan Read-Onfy 
TIRIS 

Read-only 

Single Page Read-write 
Multi-page Read-write 

READERS 

Trovan Grq) Computer 
PEP/SYMBOL Portable Terminal 
PEP Easyreader 
TIRIS Fixed point reader 

Snyder floor mount antenna 

TIRIS doorway antenna 

TIRIS desktop antenna 



Central Computer Demo Application 

Initial screen 

Real-time q>plication screens 
Report screens 
Database screens 
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Central Computer Interface 

Real Time Read 

TIRIS Fixed Point 
PEP/TDUS Handheld 
Trovan Handheld 

Download of Handheld 

PEP/TIRIS Handheld 
Trovan Handheld 

Write to tag (TIRIS only) 

From Central Con^iiter 
From Handheld 

Remote (Hand held) Terminals 

PEP/SYMBOL 
TROVAN GRIP 

Operating System 

Tag Inter&ce Sofbvare 

Central Computer Intei&ce Software 

Application Software 

^plication screens and flow chart 

Real Time Display: Central Con^uter 

Read Tag 
Display tag data 

Di^lay data associated with tag 
Di^hy transaction invoh^ 
Enter transaction 
Update database 
Update tag data 




Beigel 

Technology 

Corporation 



•Phone: (909)371-1268 
• Fax: (909) 371-7088 
• E-Mail: beitec@aol.com 

1 982 Saqe Avenue • Corona, CA 91 720 



Software Progcaim to generate Application 

Windows 95 

Low level device handlors 
Handheld inter&ce software 
Kficrosoft Excel 
Microsoft Accesses 
Visual Basic? 
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DATE: August 12. 1998 

TO: Tom Mationey, Esq. 
ATTN: 

FAX #: 714-718-1122 
FROM: MikeBeigel 
BTC CORR#: TM080812-B 

Cc: Walter Mosher 818-897-7871 
Oswaldo Penuela 
Walter Seemeyer 
SUBJECT: Patent application review. Polymer patent Strategy 

CONFIDENTIAL MATERIAL. ALL PAGES 
Dear Tom, Walter, Waiter, Ozzia: 

The folowing document is a review of all presently pending patent applications, plus strategy for 
completing patent applications and pursuing technology development in polymer semiconductor aieas. 

Please contact me with any questions or suggestions. 

I will be away from my office from August 13 and returning August 18. 

Sincerely, 




Mike Beiget 
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RFID TECHNOLOGY PATENT APPLICATION REVIEW 

AND STRATEGY 
FOR PRECISION DYNAMICS CORPORATION 

ALL PAGES CONFIDENTIAL MATERIAL 



Prepared for: Precision Dynamics Corporation 

By: Michael L. Beigel Beigel Technology Corp. 

Date: August 12, 1998 

SUMMARY: 

1. Review of patent applications for possibly conflicting disclosure or claims 

2. General review of claims is #5234 (Polymer RFID Tag) appUcation 

3. Presently completed additions to Polymer Semiconductor material (5331) 

4. Suggestions for new Polymer Semicondnctor discfcMure to be developed (no #) 

5. Patent search for issued US patents relating to polymer semiconductors 
APPENDIX 1: Polymer semiconduetor preliminaiy patent search resalts 

SUMMARY OF APPLICATION STATUS 



DOCKET TITLE PROV FAT PCT 

5220 Identification Device Having Reusable Tran^nder 2 2 3 

5221 Lamiiiated Radio Frequency Identification Device 2 1 0 

5222 Reactlvely Coupled Elements In Circuits On 2 2 3 

Flexible Substrate 

5234 Polymer RFID Tag On Flexible Substrate 2 1 I 

5331 Polymer Transponder with Modifiable Memory 0 0 0 



0: No action yet 

1: Preparing Application 

2. Filed 

3. Prosecution 

4. Granted 
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1. Review of patent applications for possibly conflicting disclosure or 
claims 

Each patent application is annotated for disclosure that may relate to another patent 
applicatbn. 

5220 REUSABLE TRANSPONDER 

5222 Reactive Covpfing 

Page 8 (line 20) - page9 (line 3) 

Explicitly mentions S222 af^Ucation, no conflicts 

5221 LAMINATED RFID 

Contains significant disclosure that relates to reactive coupling of circuit elements, 
between different laminae. 

The material (Fig 1 1, 12, 13), Page 14 (line 16) - Page 17 (line 3) relating to Reactive 
Coupling should be claimed in some way not in conflict with #5222 

5222 Reactive Coupling: 
Page 6 (line 1-6) 
Fig. 11,12, 13 

Page 14 (line 16) - Page 17 (line 3) 

5234 Polyner RFID 

Page 6 (line 1-6) 

5222 REACTIVE COUPLING 

Possibly ADD the section that is presently disclosed in LAMINATlBD RFID (Fig 1 1,12, 
13 and text P^e 1 4 (line 1 6) - Page 1 7 (line 3), and claim it in this patent application. 

S234 POLYMER RFID TAG 

5221 Laminated RFID 

Figure 1, 2, 8(A, B, and C) 9, 10: depicts lamination production techniques 
Page 14 (line 1 1) - Page 15 (line 14): describes a tri-laminate tag 
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2. General review of cteims in 5234 (Pdymer RFID Tag) application 

Claim groups (Freilich'i chims aa written) 

1*9 RFID tag 

Flex substrate 
Encoder on substrate 
Antenna on substrate 
Signal generator on substrate 

2 semiconductor formed by (Minting 

3 polymer semiconductor 

4 reactance elements by printing 

5 conductor to program ID, formed on substrate 

6 conductor printed on substrate 

7 semiconductor printed in encoder circuit 

8 pob'mer semiconductor 

9 antenna k printed conductor 



l(m3 System: reader and tag, wherein tag is: 
flexible substrate 
antenna 
circuitry 

pattern of conductive inli to program ID signal 

1 1 selectivety enabled reactance elements 

12 with a CHIP 

13 printed semiconductor switches (change to DEVICES) 

14-20 Method for producing an RFID tag 
dispensing flexible substrate 
depositing ink for anteaaa 
depositing ink for signal generator 
cutting assembly to make ID tag 

1 5 semiconductor switches (chanige to DEVICES) 

16 reactive elements 

1 7 progranuning by printing 

1 8 putting on attachment means 

19 conductive: {change CONDUCTIVE to conductor^ semiconductor, dielectric 

insulating) 

20 visual pattern too 
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3. Presently completed additions to Polymer Semiconductor material 



Material from ^Polyiner Transponder with Modlflable Memory 

Main document: April 7, 1997 
Additional disclosure: January 19» 1998 
Additional disclosure: January 20, 1 998 
Additional disclosure: January 28» 1998 

New disclosure includes the following ideas: 

Passive Read* write polymer semiconductor tag with nonvolatile memory 
Read* write tag with polymer battciy to back up the R/W memory 
Activation of battery upon tag deployment 

Nonvolatile memory with complementary polymer field effect transistors 

Battery powered polymer tag with load modulation signal transmission 

Battery powered polymer tag with active signal transmission 

Activation of tag with conductive tape 
By attaching 
By removing 

Printing conductive ink to activate battery powered tag 
Light activation 
Chemical activation 
Heat activatk>n 

Power control circuitiy in the tag to activate different system elements as needed 
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4* Suggestions for new Polymer Semiconductor material to be developed 



Consolidate all exists^ polymer (semkonductor) research material, ideas and presently 
available resources to provide patent applications with maximum coverage for polymer 
based RHD technologies. Provide a clear definition of ''polymer** and otb^ terms as 
relating to the kind of technology we intend to develop 
Presendy available material and resources 
Provi^nal patent iqpplications (tf 5234) 
Additional MB invention disclosures (#5331) 
New web searches (July and August 1998 material) 
Patent search (in process) 

New Polymer Semiconductor consultant Yang Yang 
Other Polymer Semiconductor consultants as needed 

Strategy: Maximizing Polymer Semiconductor RFID Patent Protection 

1 . Write or revise claims for P5234 (Freilich) provisional app. 

2. Add new material from any Beigel discbsures not mentioned in present 5234 or other 
patent applications. 

New provisional application? 
Continuation in part? 

3. Add any enabling chemistry and fiibrication information (Yang Yang, Web search) 
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Chemical formulas and chemistiy production process 

4. Explicit materials, construction and process 

for FET, diode, resistor, capacitor, inductor, conductor, insulator, etc. 

E^qplicit materials of the FET, resistors, conductors, capacitors, inductors, batteries 

5 . Explicit description of the fibrication process 

6. Develop model and disclosure for NONVOLATILE POLYMER SENfflCONDUCTOR 
MEMORY ELEMENT (without batteiy). Use b RFID flexible wristband. Work with 
Yang Yang. 

Any kind of polymer memory eletnent (e3q>licit description) 

Polymer semiconductor nonvolatile memory element which does not need batteiy backup 

7. Polymer RFID tag with fixed or programmable usefiil life after activation. 

8. Polymer equivalent of ferrite, for concentrating magnetic fiekl lines 

9. Other new kleas and combinations which become available as a result of literature 
search, internal ideas or brainstorming with outade polymer semiconductor experts. 

10. Acquisition of patent rights to relevant issued or patents in the fieU, in connection 
with PD polymer semiconductor experts. 
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5. Patent search for issued US patents relatinc to polymer 
semiconductors 

Using the IBM patent server on the Web, I searched for issued patents from 1971 to 
present in a number of search categories relating to polymer senucoitductor technology. 

The search should be expanded to include published PCT applications (or applications in 
countries whkh publish patent applications prior to issuing patents), since it is likely that a 
number of pending applications will not show up in a US patent search but will show up in 
other venues. 

Issued patents were found in the followti^ k^^rd categories, and the patent numbers 
and titles are included in Appendix 1 : 

The patents have not been reviewed yet. 

Organic diode or polymer diode (13 patents) 

Organic Semiconductor or polymer soniconductor (22 patents) 

Organic semiconductor device or polymer semicon^jctor device (2 patoits) 

Organic IC or polymer IC (2 patents BUT NOT DUtECTED TO INTEGRATED 

CIRCUIT, th^ refer to isocyanates) 

Most significant about the US patent search was the ABSENCE of patents for a large 
number of keyword categories. The foDowing keyword searches yiefcled no patents: 

(organic or polymer) semiconductor diode 
(organic or polymer) semiconductor device 
(organic or polymer) semiconductor IC 
(organic or polymer) semiconductor transistor 
(organic or polymer) field effect transistor 
(organic or polymer) FET 
(organic or polymer) integrated circuit 
organic semiconductor and flexible substrate 
polymer semiconductor and flexible substrate 

The lack of patents with these keywords wouM appear to indicate opportunities for 
devetoping patents specifically emphasizing these k^words or concepts. 
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Search Results 

Quel)': (organic s«micoDductor) or (polymdr seuiicoodnctor) 

22 out of 449779 patents matched your query. The 22 most relevant ones are displayed below. 
Click on a patent number to view the details of a patent. Select the check boxes of patents you 
wish to order by fax or mail and tlien click on the Order button at the bottom. 







Organic auantum semiconductor and quantum semiconductor device 


mm 


O 


5711897 


Electrorheological fluids of polar solids and organic semiconductors 
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5682043 


Electrochemical light*emitting devices 


9a% 


Li 


5623476 


Recording device and reproduction device 


98% 


— > n 


5574291 


Article comprising a thin film transistor with low conductivity organic layer 


96% 


□ 


5436167 


Fiber optics gas sensor 


92% 


a 


S396483 


Recording medium having a track and electrode layer provided and recording 
and reproducing device and system using same 




□ 


5677572 


Bilayer electrode on a n-type semiconductor 


84% 


□ 


5607453 


Composite medical treating device composed ferrodiclcctric substance and 
semiconductor 






5719033 


Thin film transistor bio/chcmical sensor 


. 80% 




5691756 


Method of fiibricating an integrated multicolor organic led array 


80% 


□ 


5674636 


Article comprising a microcavity light source 


110% 






Light emission device comprising light emitting organic material and electron 
iiyection enhancement structure 




a 


566089$. 


Low-temperature plasma-enhanced chemical vapor deposition of silicon oxide ^ 
films and fluorinaicd silicon oxide films using disilane as a silicoa precursor 


80% 


□ 




Inorganic thin film electroluminescent device having a light emission layer 


80% 




5629330 


Semiconductor device having an organic semiconductor material 


80% 


□ 


55432J7 


Inorganic thin film electroluminescent device having an emission layer 


80% 
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5532495 


Methods and apparatus for altering material using ion beams 


80% 




<<AA<1'7 


Field-effect transistor with at least two different semiconductive organic 
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^ ^j^y'j ^u. channel compounds 

a S4786S8 Article comprising 8 microcavityUght source 

-^a S4S6862 Thcnnally stable fornw of dectricafly conductive polyaniline 

□ ^409783 Red-emitting organic elcaroluminescent device 
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Search Results 



Quci>: (oi gauic diode) oi (polymer diode) 

13 out of 2322457 patents matched your query. The 13 most relevant ones arc displayed below. 
Click on a patent number to view the details of a patent. Select the check boxes of patents you wish 
to order by fax or mail and then click on the Order button at the bottom. 

ElecUoluminesccnt devices containing a conjugated polymer obtained via j,^,^ 
i_l 5558904 halogen precursor route chemistry 

D 5504323 Dual function conducting polymer diodes 

Electrochemical storage cell containing at least one electrode formulated from a ^^^^ 
O iy.3.682 fluorophenyl thiophene polymer 

□ 5723£?i Bilayer composite electrodes for diodes 

□ 5.698CWS Photoresponsive materials 

□ S 67463S Electroluminescent device 

Light emission device comprising light emitting organic material and electron 

□ 5^2938 Injection enhancement structure 
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PATENT. TRADEMARK. 
COPYRIGHT AND RELATED MATTERS 



ATTORNEY AT LAW 
SUITE 710 
660 NEWPORT CENTER DRIVE 
NEWPORT BEACH. CALIFORNIA 92660 



PHONE: (949) 718-1120 
FAX: (04») 7ie-iiia 
E.-UAIL: TPMPATLAWOAOL.COM 



August 16, 1999 



Via Overnight Courier 




Attomev/Ciient Privileged Communication L .ti/nm hldT 

I>r. Walter W. Mosher, Jr., President 
Precision Dynamics Corporation 
P.O. Box 9043 
Van Nuys, California 91409 

Re: RFID Program Progress Reports 

Dear Waltar: 

Here are the first and second Program Reports. There will be one more 
report before Mike Beigel leaves on August 25. However, I will be in touch with 
Professor Yang while Beigel is away. 



Best regards. 




TPM:ad 



cc: . Nfr. Oswatdo Penuela, Vice President 



enc 



EXHIBIT E 




RFTD Program Progress Report #1 
August 4, 1999 Meeting 
Participants: Thomas P. Mahoney, Michael L. Beigel, and Professor Yang Yang 



latent Progiii» 



At the beginning of the meeting. Dr. Yang proposed Aree new possibly inventive 
concepts as follows: 

1. POLARIZED POLYMER DIODE 

2. PROGRAMMABLE POLYMER MEMORY 

3. RADIO FREQUENCY IDENTIFICATION DEVICE INCORPORATING 
PROGRAMMABLE POLYMER MEMORY 

Dr. Yang is in the process of preparing a definitive disclosure on the three aspects of the 
polarizable polymer diode as utilized for non*volatile memory in an RFID circuit 

In accordance with the instructions of Dr. Mosher, the CIRCUIT MAKING 
CLOSURE FOR RADIO FREQUENCY IDENTIFICATION DEVICE WRISTBAND 
has been docketed. Mr. Beigel is in the process of preparing a definitive disclosure on 
this particular invention. 

It is contemplated that provisional applications may be filed on the inventions in 
order to obtain an early priority date. 

As part of the Patent Program, it was suggested that Beigel and Yang initiate 
notebooks devoted to their activities on the Program. 



ILf IICLA lAbortftoiy 



Through discussions with Mr. Penuela and Dr. Yang, it was established that the 
requisite payment had been made to UCLA and that Dr. Yang could proceed with the 
manufacture of conductive polymer diodes and capacitors for utilization in RFID circuits. 
Dr. Yang said that he would inmiediately approach the authorities at UCLA to inform 
them that he was initiating the project and to obtain the necessary paperwork such as 
project identification and the like. Dr. Yang said that he would begin work immediately 
on a first set of diodes. 



at - deduction to Frecticf 



Mr. Beigel indicated that, when he received the first polymer diodes 
produced at the UCLA Lab, he would immediately subject them to various tests 
establishing operating criteria necessary for RFID circuitty . He discussed with Dr. Yang 
the protocol v4iich woidd be followed; namely, that tests would be made immediately on 
the first diodes so that Dr. Yang could structure the manu&cture of successive products in 
ah attempt to conform the diodes and, ultimately, polymer capacitors to the circuitry 
requirements of RFID's. 



Thomas P. Mahoney 




RFID Program Progress Report #2 
August 1 1, 1999 Meeting 
Participants: Thomas P. Mahoney, Michael L. Beigel, and Professor Yang Yang . 



K * Patent Program 



Dr. Yang produced a partial disclosure of the programmable polymer diode 
directed to utilization of the diode as a non-volatile memory in an RFID circuit. Dr. 
Yang and Mr. Beigel then discussed various approaches to the patent situation. 



U. - liCl4A Laboratory Prograttt/Reduction taPmctice 



Dr. Yang produced two polymer diodes which had been manufactured in 
accordance with the proposal entered into by and between Precision Dynamics 
Corporation and UCLA. There was extensive discussion among all parties as to the 
manner in which the diodes should be utilized. It was decided Sat Mr. Beigel would test 
the diodes in his laboratory to determine the physical characteristics of the diodes and 
their applicability to RFID circuits. In addition, Mr. Beigel committed himself to the 
preparation of a simple RFID circuit incorporating one of the diodes. 

As previously mentioned, it is contemplated that successive manufacture of 
diodes will be directed to improving the physical chiaracteristics of the diodes to permit 
them to be incorporated in RFID circuits. 

In addition, Beigel and Yang had an extended discussion of potential polymer 
RFID circuitry which would include, possibly, all of the necessary components of such 
circuitry in polymer form. Dr. Yang indicated that he would begin to evaluate the 
possibility of creating such circuitry. For instance, he indicated that he had already 
provided polymer wiring in circuity and that, of course, he had previously created 
polymer diodes and capacitors. The proposed polymer diode programmable memory 
would be another element of the RFID circuitry. 

In addition. Dr. Yang adverted to the utilization of the programmable polymer 
diode in photon applications vAieve the memory embodied in a plurality of such diodes 
coxild be created in the form of a readable light context which might provide a desirable 
alternative to the contemplated use of the programmable polymer diode in current/voltage 
control. 

It is also contemplated that Mr. Beigel will prepare a report for the consumption 
of Dr. Yang and Dr. Mosher and Mr. Penuela to indicate the feasibility of the utilization 
of the polymer diodes and capacitors. 

m. - Pfcglips Pii^fr A^gtlyity [ 



Dr. Yang displayed a Phillips tape illustrating Phillips' activities in the conductive 
polymer field. It is contemplated that the tape will played for Dr. Mosher and Mr. 
Penuela at the same time that the Beigel prototype RFID circuit incorporating the initial 
diode manufactured at UCLA is displayed to Dr. Mosher and Mr. Penuela. 



Thomas P. Mahoney 




COA/ FiOeA/Jf/fC 
Dynamic Performance of Inductive RFID Systems 

Michael L.BEIGEL 



Ahitract 

Ihis is a general imroductiGn and tutorial regarding 
inducHvely coupled RFID systems. It summarizes die 
operating principles and parameters of passive^ag 
inductive RFID system performanoe, focusing on 
dynamic mteracdons between tag and reader in relative 
motion and the probahility of successfully completed 
data transactions. The fulKdi4)lex (FDX) operating 
model is assumed in most desor^pliaas and exanples. 

1 iBtlWiBCtMm 

Operation cf passive tag RFID Systems: Inductively 
coi^led RFID systems are best understood in context 
of the inter-relation between the systems* physics, 
communication, and component aspects. 

An RFID READER supplies power and timing 
signals to the passive tag by raifiating an aheraating 
magnetic field coupled to an antenna coil into the 
surrounding ^noe. An antemm coil in die ID TAG 
receives energy from die reader magnetic field, 
providing POWER and TIMINO signals to die tag 
electronics. * - 

The activated TAG accesses its intemal DATA and 
sequentially varies the dectrical loading of its coil 
according to the DATA infimation, mod«lBM|*tfae 
amount of power drawn by the TAG from the reader 
field. Hie READER senses die variations in field 
power oonsun^ition oonespooding to the DATA in the 
tag, decodes and outputs the DATA [1]. 

Li Passive tag READ-WRITE ^stems, die reader 
can send DATA to the tag by sequentially modulating 
the energizing magnetic fidd. Additional circuitry in 
the tag senses and decodes the modulated reader fidd 
and puts the DATA into die tag memory or utilizes die 
DATA as operating commands (I^gure 1). 

A PROTOCOL between the reader and the tag 
allows fir die systematic and rdiable exchange of 
DATA in <Hie or both directions. A DATA 
TRANSACncm is a completed exdiange of data 
between reader and tag. Ibe MESSAGE TIME is die 
time lengdi ftr a single data transactian. 

Modeiing and Measuring RFID system performance: 
Ibe fimctioa of the RFID system b to provide an 
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nguiB 1: Incfejctha Tag and Reader System 

exchange of data between readers and tags connected 
with a population of dijects. RFID systems are hi^ily 
^^lication dqmdent Perfixmanoe is defined and 
evaluated by detennining die CKtent to which a system 
meets die needs of die application. ID tagsi» readers and 
coding protoM formats vary in q)ecific embodiments 
according to the r eq uir emettts ami oonstramts of the 
target ]^3plication snd environment, 

Miany ai^mts of RFID system performance can be 
madiematically modeled and simulated. IdcntiQ^ the 
aspects of the ^'stem fir which dieoretical 'ideaT 
perfbnnanoe bendimarks can be derived will enable 
the measurement of relative perfonnanoe of a given 
product implementBtioo. Comparison of the measured 
system perfbnnanoe with Ihenetical optimum 
perfonnanoe allows prediction of the extent of 
improvement that can be achieved with subsequent 
product iipgrades. 

"Idefd" Design Olyeetives for RFID Sys^ms: Some 
of die *1dear performance bencfamsks for RFID 
systems are listed bdow. 




1. Activate the tag as fin- as possible from die 
readarooil. 

2. CommiBiicatewitfatfaetagatdietagacdvatioo 

diStSDOB. 

a aiqgle message period (shortest time). 
4. Activate the tag at any orientation to the reader fidd. 

Size cf Data ^ace: Hie lequired size of data ^paoe 
(fiar exam|de» die size of a population of olyects to be 
tagged) determines the numtwr of unique codes needed 
during the use^ lifetime of the ID system. Since die 
code spaat (nianber of inique codes possible fir a 
system) determines both die ID tag memory size and 
the time leng^ of die data transaction, the code space 
AcuU be die minimum that suffidendy aervs die 
needs <tf the system over the expected product life. 

Reading Volume Geometry: The "reading volume" is 
die 3-dimcnstQQal space, referenced from the reader 
antgnnft, in n^iidi the reader can activate and 
oommunicate vridi a tag. Defining die required 
diarecteristies (die sizc^ dupc^ orientation and 
intoiaity of fidiO of the reading vohme dictates die 
specific design of the reading system. The 
requiraaients for the fidd geometry may dififer 
aooordiQg to v^edier die reader is stationary and die 
tsgs move tlirough die reading volume, or if the reada 
can be moved to find a relatively stationary tag. 

Tag Coil Size and Geomary: RFID tags may be 
designed m a varkty of sizes acid stopes oorre^KHiding 
to die needs of specific a(^licatian& For a given tag 
shape, a larger tag will give a greater reading distance. 
For maodmiin signd transmission the tag auteoua 
abaold be as large as possible and have a vi4iich 
mhAmtM the directionality of response in the reading 
volume. DiffiBrent tag coil shapes will give differing 
directiond response to the reader fidd. 

Tag Velocity: Hie highest vdodty at whidi a tag 
moves through any padi in the reading volume 
determinca die minimum time lengdi far a oompleled 
data transaction. For a successful event, the ts^ and 
reader must complete at least one sequence of a valid 
data transaction without transmission or reading errors 
durii^ die minimum time length that die t^g is 
activated in the readiog volume. 

ReHMUiy of Data Ihmsmisskm: Reliability of die 
data transaction, Le. obtaining an crror-fiee data 
exdumge between tag and reader, can be designed into 
the ID system to the extent required for system 
perfermance. Hiis is acoomplidied fay utilizipg cnror 
detecting and/or correcting code bits m the message. 
Increasing die numbo* of error chedting/oorrecting bits 
increases the reliability of the system perfermance; but 



also increases die tag chip size and die data transaction 
tune. To optimize trananissiaQ effidency versus data 
rdidiOity, die rdiability dgoridmi (diedcsmn) should 
be chosen to utilize the minimum number of extra data 
bits adequate fiv die required data rdidnlity. 

AfeAjpfe Tag Protocols: Tags may have diffirent 
signal transmission ^^stems and encoding ftnnats. hi 
many situations, multiple tag types must be recognized 
and read simuhaneously by a si^e reader ^stem [2]. 

AntfCollision: For systems in ^di multiple tE^ 
within the reading vohnne must all be recognized and 
read, an 'Isnti-coUidon*' protocol is used. Ibe most 
oofoimon anti-collisian protocols use mediods to cause 
multiple tags active m the reader fidd to transmk their 
infermatioo in sudi a way that only one tag at a time is 
interactiiig with the reader. Ibe transaction time for the 
group of tags in the readiiig vohmie must then be 
assumed to be at miniiiium die trmsaction time of a 
single tag multiplied by the ninnber of t«gs m die 
reading volume. 

Expandability of product and system designs: New 
types of tags will develop over die mstalled life of any 
RFID system. Reader systems must be expandable in 
die aspects which are easiest to change (sigpd and 
code processing), and very duraUe in die a^ieOs (fidd 
activation and tag signal sensing) which must remam 
ffi place fia- a long time. 

3 SlignalTrusmisakMi Protocol 

Excitation Frequency: The reader-tag system is based 
on a transfer of energy between L-C resonant antenna 
coils in die reader and die tag. Magnetic Qnductive) 
tag-reader coupling is viable at any firequency from 
under 100 k(b up to approocanately SO MHz. 

JlegulatoryBestrictiom: The fmpencyaadpawet of 
RF emissions are subject to worldwide regulation. 
International regulations limit commercially usable 
(ui|dicensed)raifiation to specific fiequency, bendwiddi 
and fidd strengdi limits^ 

Reader Field Generation Pattern: Ibe reader may 
emit a oontmuous or a pulsed fidd, usually at a fixed 
fiequency. In *%ll-dupleK^ systems die reader emits a 
continuous RF field at a constant fiequency and the tag 
produces a modulation s^nd while energized by the 
reader fidd. Contmuous fidd emisaion allows tags to 
be activated at any time diey enter the reading volume 
and to be decoded in the minimum possible time. 

In ludf duplex** systems the reader emits a pulsed 
fidd to send energy to die tag, and die tag sends back 
its message in die ''quief mtervd between reader fidd 
bursts. This produces a quantized time window for tag 
and reader to intmct, and could dieoreticaDy dow the 
minimum reading time as aresuh of this quantizatioiL 

For "read- write" or "query-response" systems die 
reader will emit eidier a pulsed or modulated field to 



semi a data sigral as well as acdvatioo energy to the 
tag, creadng quantized data traDsacdao windows 
similar to half-<iupleK systems. 

Tag Modidatum method: The tag modoladan mediod 
n die pattern with wfaicfa the tag absorbs power from 
the readipg ^^stem or odierwise produces a sigiial in 
order to transmit infinnatian back to the reader. 

Some of die modulation patterns presently in use are: 
ASK (Amplitude Shift Keying): Ihe absorption of 
power from the antenna coQ Ooadmg) at a sub- 
moduladoo frequent dnroclly constitutes logiGal "1% 
the noo-«b8aqition (unkoding) of power constitutes a 
logical -O". 

FSK (Frequency Shift Keyinig): The tag signal varies 

at two different sub-modulatico frequencies, 

corresponding to logical '*0' and logical"! 

PSK (Phase Shift Keying): The tag signal varies at a 

single sidMnodulatkn fiequency, but provides phase 

changes at apedfic time intervals to denote logical 'XT 

and'T. 

hi FDX (full-duplex) tags which transmit die ID 
s^giud by loading die antenna coil, both FSK and PSK 
are variants on ASK, using die fundamental principle 
of sequential loading and sup e i imp o sin g FSK 
frequencies or phase shiiis by varying the pattern of 
die loading sequence. 

In certain HDX (half-diq>lex) tags [5] which transmit 
die ID sigoal by directly coupling an RF signal to die 
antenna coil from an active circuit that has been 
previously chaiged up by the reader fidd, ftie FSK or 
PSK Mgf*^i< are not siqMrimposed patterns on an ASK 
signal. 

Each type of modulation has advantages and 
disadwitvges in tenns of signal transmission rate, 
noise immunity and system compkxily. 

Bit Period' All "fiill diq)lex" systems cunrently in use 
derive the tag timing from the frequency of the 
caidtation field of the reader. By counting cydes of the 
excitation field* die modulation periods are obtained* 
as weU as die time kngdi fir a transmitted *lMt" of 
infiamatitiL The fewer cydts pet bit (Le shorter time 
lengtfiX the fiuter die message trmsmiasion win be. 
The more Q^es per bft* the more rdiable the message 
transmission will be. 

Dora Structure: The Data Structure is die system of 
oigwni'flition to tianamit a oohennt and iditfsle and 
ittfimatian sequence between a tag and a reader. 
KFID tags generally transmit a message consisting of 
"PREAMBLE" hits to indicate die begimiing of die 
message "DATA" bits to transmit the ID infivmation, 
and "CHECKSUM" bits to nisve die reliafaility of die 
transmitted data. Snnilar data structures areutiliied by 
the reader to trananit infiniation to die tag. 

Data lYwisQCtian Length: The total lengdi (m bits 
and time) of the information in a particular type of data 



transaction. The transaction lengtti multiplied by die 
TIME PER BIT equab die transaction time. 

Error Checking: The CHECKSUM is calculated 
fitan the other data in die transaction* When the reader 
receives a tag code^ it recalculates the chfrinwim and 
compares it whh die data sequence. If die data 
transmission is oonect, the calctdated cherfcumi will 
equal the received checksupi. 

4 TagDeaigpCenaldcratifflBa 

Coil Size: For a given tag sm. die coil size should be 
maximized widun the ta^. vtrfume to nwximigie the 
t^g's alnlity to receive and modukte enogy by means 
of its coded infrvmation. 

Coil Resonance: Increased coil resonance also leads 
to higher energy transfer. A combination of a coil and 
a cqmdtor will generally form a more highly lesooant 
circuit than a coil alone. 

Operating Power Level: The power consumption 
level at wduch the IC m the tag begins reliaMe 
fimctioning is aprime detenninant of the quality of tag 
perftnnance. A tag IC that operates at a re du ce d power 
level will communicate within a weaker reader 
energizing field, yielding a greata potential reading 
distance. 

Modulastion Strength: The intensity widi whidi die 
tag varies the loading d its antenna coil while 
maintainrng reliable operation detennines its "signal 
strengdi" to die reader. W^ec signal strengdi 
contributes to greater reading distance p» 4]. 

5 Reader DeaiipCenidcntioBa 

Actiifatkm Field Geometry: The first function of die 
reader system is to activate die tags in its reading 
vohime. Optimally, the reader dioold produce an 
energiang magnetic field ap pr o priate to die geometry 
of die reading vphime and the most probable 
orientation of tags passing through Ihe volume. For 
large reatfiog vohinea, dcwignhig a field gmeration 
system widi sufBdent strengdi, size and consistency is 
a primary issue m RFID research aid development 

Pcmier ougna: Power output of a reader's magnetic 
field gaerator mi^ vary by orders magn^ude fitxn 
the smallest hand held systems to large fixed-point 
installatiops. The requireniCDts far coostructiqg laige 
and powerfid magnetic field demand very ^dent 
loaHlistairtion dectronlcs and resonant electr«H 
magnetic networks. 

ShultBng: The power output of field generators 
sufllcient to meet reacfing rei|iiiremaits fer the largest 
^sterns may exceed rcgulatoiy agency specifications 
fior RF emissions, bi this case, dectromapietic 
shiddmg is necessary to reduce RF misi^ions outside 
the reading vohme to acceptable levels. 



Tag Signal Sensing: Hie tag sigpal is sensed st the 
reader either by sensing variations in the reader fidd 
coil signal caused by inductive coupling to Ae lag 
signal or by sensing tiie tag signal with a s^arate 
receiving ooil(s) in the reader. 

Analog Siffud Processing: Hie analog signal 
processing section of tiie reader pcrfiirms detection of 
a very weak potuibatian agpd from the in the 
presence of a strong energiadiig field si^ial. It 
transforms the signal by filtering and ampUficatian to a 
level appropriate to digiti2atioQ and further process ing 
m the digital donuon. 

signal fiom the tag modulatioo of the reader fidd is 
digitized. Various DSP methods wriliTrng one-hit 
(co mpara tor) and multi-bit (ADQ (figitization may be 
more ^ypropriate than analog processing for increasing 
tag siginl-to-iioise ratio and other signal adributes 
ich make the tag more readaUe. 
DeeocBng and Event Ihmsmlssion: The digitized 
signal is analyzed to detect modulation pattems 
indicating a valid tag signal. Ideally this processing 
should occur simultaneously with the tag passing 
tiirough the reader fidd. The decoded ID tag data 
transactions are stored, disgJayed, and/or tranm itted to 
a central location tar utilization. 



6 Dynamic Tag-Reader Intcractiott 

Reader Fidd Pattern: Hie dectranagnctic fidd in die 
readily v«^ume is defined by the reader coil geometiy, 
&e magnetic environment near the reader coil(s) and 
Maxwell*s equations rdating to magnetostatics. Hie 
field will generally not be consistent in intensity or 
orientation, due to all these &ctors. 

Sta&: Tag Position and Orientatkm: For a tag 
statiooaiy in the reader field at a given position and 
orientatian, a detcnnioistic fimction of tag activation is 
assodated with the variation of magnetic fidd strengdi 
and orientation of the reader fidd. Hie maximum 
reading distance for a stationaiy tag in the reader fidd 
is a fimction of the fidd strooglh and the tag 
orientation in the fidd. Hiis fimction, though cQmplex, 
may be integrated over ail possible static tag 
orientations within the reading vohmie to yidd a 
probability of reading the static tag in die vdume for 
dl posstblo tag orientations. 

A tag wUl have fiie greatest activation distance at 
optimum orientation to ttie reader fidd lineSy and less 
(or no) activaticn distance as a fimction of sub-optimal 
orientatian. Hie threshold of tag activation fiietefore 
varies as a direct fimction the field strengdi and as 
an inverse fimction of the distance between the tag and 
die reader. Hie probaUlily of reading a stationary tag 



in the reading vdume can be computed as a fimction 
of the activation distance for all tag oricntatioos and 
the probability of tag orientMion in die given tfirectian 
dvoiigliout die volume (Figure 2> 
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FQura 2: Tag Orientation m Reader Held 

Tag Speed and Trajectory: Hie amount of time die 
tag is activated by die reader fidd dso affects 
probability of reading. Hie dieoredcd best case is diat 
die reader can read die ti« if it is active fat one 
message period. A tag can move tfarougfi the reading 
vdume at a variety of ^leeds and trajectories (speed, 
position, orientation). For a given trajectory tbrougb 
reading volume^ there is a maximum qpeed at whidi a 
tag can move throu^ die volume and remain active for 
a suflident leogdi of time for a complete data 
transaction. 

An ^'ided" reader couU reodve and decode die 
message in the time period corresponding to die 
maximum speed per trajectory. Above this speed, the 
probability for obtaming a reading is zero. A tag can 
also move through die reatfing volume wini varying 
orientation, thcrdiy varying its rdative s^pal strengdi 
or even going dirou^ periods of de^activation on its 
way. 

For dl speeds bdow die maximam speed, die 
probabilily of data transaction ncreases dependent on 
tag speed, oficntatiQn, tngectory, reader signal^Mioiae 
ratio and odicr fictors. Hie pi^bi% diat a tag wili 
be readable on account of its trqectory could be 
computed taking all these filters and all posaiUe 
tnyectories into account (Figure 3). 




time neoessary for completed data transactioDS with all 
the tags. Iherefofe aaochcr probaliiUty functioR for 
multiple tags in the reaifiiig volume stmultaDeoosly 
may be computed by: the trajectory of each tag» the 
number of tags in the volume, and Ae nature ct 4ie 
anti-collision algorithm (Rgnre 4). 

AMse Sewres: Electnmagnetic noise sources m 
vidni^ rftfae reader win decrease the probability of a 
suooessfol data t iansartinn If the t^g outputs a good 
signal in the (raoice of noise, flie probability of ibe 
reader receiving onraneous information along with the 
tag signal increases according to a fooction of the noise 
. intently and finequency spectrum as related to the 

I of die reader. 



( ) READER COIL ) gjg ^ wAcnvB j 

Fgure 3: Tag Trcjeclory in leaderfleld 

Multiple Tag?: If more than one tag is activated 
within the reading volume at a given time, the tag 
signals will interfere; giving an amlnguous message to 
the reader. Depending on the modulation me&od used 
m tfie tags; ttiis mutual Int cr fe reoce has a variable 
effect on whether a valid reading rfany tag in the field 
will take place. 




7 CoBctaioas 

Understanding the diverse and interactive aspects of 
RFID tedhnology, perticulariy m dynamic systems (tag 
and reader in relative motiooX will enhance the 
possibility of optimizing system and product designs 
for specific appEcations. 

Systems and products may be optimized for such 
qualities as: mndmum reading <fistance^ maximum 
reading volume;, mtntimim system poiwcr ou^Mt, non- 
directional tag reading characteristics, nmumun tag 
fpy.^ minimum data transaction time; most reliable (or 
secure) data transactkn, maximum number of tags 
stmuhaneoudy in reader field, and others. 

Compliance with de facto and legal transmission and 
protocol staidards Ihnits design flexibility but provides 
the opportunities for interoperability of q^stems and 
wider maikets. 

Optimizing flystems and products for multiple 
otgectives requires carefiil judgement nganfing the 
design trade-ofi&» and the oootinuoos dialknge of 
improving the *^state rfthe art^ in RFID. 



[1 J US hrtent 4^33.072 Identificatifln Device" 
KGcfaadBeigel. JuneU19S2 

\2} Objective Measuraments for RFED System 
Performance, Michad Bdgri, January 1993 
fat4i://www.rapldttp.oMn/kransponder/bdgeLhtml 



, \\ W j ! i // /VT ^g ^ ^ 1 f31 RFID Dcstfln Guide, NBcrodupTecfanolagy, 1997 
/ C y READER COIL C ) imcnvB] 



FlguTB 4: Multiple tag Trajectories in Reader Field 

Even in systems that utilize ''anti-oollision** methods^ 
multiple tqgs in the field will increase the amount of 



[A] Remflte Cnntrnl and TH wit^^yatinn P^CT 

Guide. TEMIC Semiconihictors, August 1997 

[5] Schuermann. J., Meier, R, TIRIS - Leader in radio 
fi*equency identificatioo technology, Texas Instru- 
ments TedmicalJoinud, TTTJ Voi.IO, No. 6, 
Nov. 1993, pp. 2-14 



RFED Program Progress Report #7 
October 6, 1999 Meeting 
Participants: Hiomas P. Mahoney, Michael L. Beigel, and Professor Yang Yang 



Mr. Beigel disclosed that he had re-tested the No. 2 proto^e in accordance with an 
alternative test protocol. It was noted that the frequency response was greatly improved 
and a considerable improvement in the power supply aspect of the No. 2 prototype was 
detected. Mr. Beigel disclosed the graphs and printouts from the oscilloscope indicating 
the test results. 

It is contemplated that there will be a re-test of prototypes Nos. 2 and 3. 
' ^- IL ■ Pi^l^t^ Yaag Report ]:y 



Professor Yang presented a report on the analysis of the No. 3 prototype and a discussion 
was had regarding the same. A copy of Professor Yang's notes dated 10/6/99 is 
appended hereto. 

Ill^-3P>iorAr»Di«tt«^oii 



Mr. Beigel brought to our attention U.S. Letters Patent No. 5,006,830 as possibly of 
interest to Precision. It relates to a method and device for deterring the unauthorized 
removal of a newborn from a defined area. A copy of the Abstract of the '830 patent is 
appended to this report. There are evidently 15 claims in the patent which includes a 
locking umbilical clamp with an attached identification mark and an attached triggering 
device for triggering a detection system on the removal of the umbilical clamp from the 
defined area and a wristband with an identification mark corresponding to the 
identification mark on the clamp for attachment to the wrist of a person authorized to 
remove the newbom from a defined area. 

A method claim goes through the steps of providing an umbilical clamp containing a 
triggering element with a distinctive identification mark thereon and clamping the 
umbilical cord of the newbom with a clamp. The additional steps include providing a 
detection system capable of determining when the triggering element comes within a pre- 
defined proximity of an exit &om a defined area and providing an alarm system that is 
activated when the detection system determines that the triggering element is in 
proximity of an exit and placing the newbom with the triggering elemrat attached within 
the defined area 

Thomas P. Mahoney 
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